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ABSTRACT 
 
 
 
 
 The construction of IBS building starts with the production of the IBS 
components and the production process is the main activity concern in the IBS 
production plant. Having an optimum production line to manufacture the required IBS 
elements within targeted time and limited number of reusable steel mould is very 
important. In this study, workstation organization method has been adopted in the 
production of IBS beam and column. Witness 2001 simulation software has been used 
to model and simulate the most optimum production line set up.  Basically, two 
production lines set up have been proposed to complete the production of IBS beam and 
column between two and three months time with limited number of reusable steel mould 
to supply for the construction of medium size single storey IBS housing project ranging 
from 100 to 300 units. A contingency production line set up which able to complete the 
production of required IBS components within a month time with increased number of 
reusable steel mould has also been proposed. Number of resources such as workstation, 
tool, storage area and labour has been determined from the proposal. The proposed 
production line can be applied in the planning and cost estimating of IBS production 
plant set up. 
 
 
  
 
 
 
ABSTRAK 
 
 
 
 
 Pembinaan IBS bermula daripada operasi pembuatan komponen IBS di loji. 
Susunatur dan talian pengeluaran yang optima di sesebuah loji adalah penting dalam 
menghasilkan komponen IBS dalam masa yang tertentu serta dengan bilangan acuan 
yang terhad. Dalam kajian ini, kaedah pembuatan yang diaplikasikan ialah kaedah 
pengkhususan dan jumlah bilangan komponen IBS yang perlu dihasilkan adalah 
berdasarkan projek sederhana dalam lingkungan 100 hingga 300 rumah satu tingkat 
yang menggunakan komponen IBS sepenuhnya dalam pembinaan. Perisian komputer 
Witness 2001 telah digunakan untuk kerja memodel dan simulasi untuk menentukan 
talian pengeluaran yang optima. Terdapat dua cadangan talian pengeluaran yang 
berupaya untuk menghasilkan bilangan komponan rasuk dan tiang IBS dengan bilangan 
acuan yang terhad dalam masa dua dan tiga bulan untuk memenuhi keperluan projek 
sederhana. Selain itu, talian pengeluaran yang dapat menghasilkan komponen IBS yang 
diperlukan dalam masa satu bulan dengan peningkatan bilangan acuan turut dicadangkan. 
Bilangan mesin, peralatan, tenaga perkerja dan tempat simpanan sementara turut 
ditentukan berdasarkan talian pengeluaran yang dicadangkan. Perancangan dan 
penganggaran kos penubuhan loji pembuatan komponen IBS dilakukan berlandaskan 
cadangan talian pengeluaran tersebut. 
  
  
 
 
 
TABLE OF CONTENTS 
 
 
 
 
CHAPTER                                 ITEM PAGE 
 
 
 TITLE i 
 DECLARATION ii 
 DEDICATION iii 
 ACKNOWLEDGEMENT iv 
 ABTRACT v 
 ABSTRAK vi 
 TABLE OF CONTENTS vii 
 LIST OF TABLES xii 
 LIST OF FIGURES xiv 
 LIST OF APPENDICES xvi 
 
 
CHAPTER 1 INTRODUCTION 1 
 
 1.1    Introduction  1 
1.2 Problem Statement 3 
1.3 Aims and Objectives of Study 3 
1.4 Scope of Study 4 
1.5 Importance of Study 5 
 
  
CHAPTER 2  LITERATURE REVIEW 6 
 
2.1 Introduction 6 
2.2 Precast Building System in Malaysia  7 
 2.2.1 Barriers to the Adoption of IBS 
  in Malaysia 8 
 2.2.2 Government and CIDB Initiative 10   
2.3 Types of IBS System  11 
 2.3.1 Essential Characteristic of IBS 15 
  2.3.1.1 Closed System 16 
  2.3.1.2 Open System 17 
  2.3.1.3 Modular Coordination 17 
  2.3.1.4 Standardisation and  
   Tolerances 18 
  2.3.1.5 Mass Production 19 
  2.3.1.6 Specialisation 19 
  2.3.1.7 Good Organisation 19 
  2.3.1.8 Integration 20 
  2.3.1.9 Production Facility 20 
  2.3.1.10 Transportation 20 
  2.3.1.11 Equipment at Site 21 
 2.3.2 Benefits of IBS Component 21 
 2.3.2.1 High Quality and Aesthetical 
   Value of Products 21 
 2.3.2.2 Cleaner and Safer 
   Construction Site 22 
 2.3.2.3 Faster Construction 22 
 2.3.2.4 Greater Unobstructed Span 22 
 2.3.2.5 Lower Total Construction 
   Cost 23 
  
  
 2.4 Production of IBS Element 23 
 2.4.1 Principle of IBS Production Planning  24 
 2.4.2 IBS Components Production Process 25 
  2.4.2.1 Reinforcement Fabrication 25 
  2.4.2.2 Mould Assembly 26 
  2.2.4.3 Placing and Compaction 26 
  2.2.4.4 Stripping and Demoulding 28 
  2.2.4.5 In-process Checks 28 
  2.2.4.6 Lifting and Handling 30 
 2.4.3 Casting Technique 30 
  2.4.3.1 Wet Casting 30 
  2.4.3.2 Flat Casting 31 
  2.4.3.3 Gang Casting 32 
  2.4.3.4 Stack Casting 32 
  2.4.3.5 Battery Casting 33 
2.5 Prefabrication Plant 34 
 2.5.1 Types of Prefabrication Plant 34 
  2.5.1.1 Permanent Plant 35 
  2.5.1.2 Field Plant 36 
  2.5.1.3 Fabrication on Building 
   Site 37 
 2.5.2 Design of Plant Facilities 39 
 2.5.3 Plant Layout Design 40 
 2.5.4 General Layout Pattern 42 
2.6 Work Organisation 44 
 2.6.1 All-purpose Team Method 44 
 2.6.2 Workstation Method 45  
2.7 Simulation Overview 47 
 
 
 
  
 
CHAPTER 3  METHODOLOGY 49 
 
3.1  Introduction               49 
3.2  Data Collection                50 
   3.2.1 Production Time  50 
    3.2.1.1 Preparation Stage 51 
    3.2.1.2 Casting Stage 52 
    3.2.1.3 Inventory Stage 52 
  3.2.2 Number of IBS Components 53 
  3.2.3 IBS Production Plant 54 
 3.3 Modeling and Simulation 55 
 3.4 Data Analysis and Discussion 56 
 3.5 Research Methodology Flowchart 57 
 
 
CHAPTER 4  DATA AND RESULTS  58 
 
4.1  Introduction       58 
4.2  Precast Plant Layout      59 
4.3  Activity Duration and Resources    59 
 4.3.1 Parts Preparation    60 
 4.3.2 Fixing of Reinforcement Bars  61 
 4.3.3 Degreasing     62 
 4.3.4 Concreting     62 
 4.3.5 Demoulding and Inspection   63 
 4.3.6 Cleaning and Reassembling of Mould 63 
4.4  IBS Beam and Column Required    63 
4.5  Working Time and Constraint    65 
4.6  Modeling      66 
 4.6.1 IBS Production Modeling   72  
  
 4.7 Results      74 
  4.7.1 Two Months Production Time  75 
  4.7.2 Three Months Production Time  76 
  4.7.3 Contingency Plan    77 
 
 
CHAPTER 5  DISCUSSION      78 
 
 5.1 Introduction       78 
 5.2 Discussion      79 
  5.2.1 Time      79 
  5.2.2 Resources     81 
  5.2.3 Inventory Storage Area   87 
 5.3 Contingency Plan     89 
  5.3.1 Time      90 
  5.3.2 Resources     91 
  5.3.3 Inventory Storage Area   94 
 
 
CHAPTER 5  CONCLUSION AND RECOMMENDATION 96 
 
6.1  Conclusion        96 
6.2  Recommendation       97 
 
 
 
REFERENCES  98  
 
Appendix A – C3 100 - 105 
 
 
  
 
 
 
LIST OF TABLES 
 
 
 
 
TABLE NO. TITLE   PAGE 
 
2.1   Building system classification according to relative  
  weight of component     12 
4.1    Parts Preparation Time  61 
4.2   The Duration of Every Activity  64 
4.3  Total Amount of IBS Element 65 
4.4   Effective Working Hour 65 
4.5  Number of Steel Mould Available 66 
4.6 Part Detail 69 
4.7 Buffer Detail 70 
4.8   Conveyor Detail 71 
4.9   Machine / Workstation Detail 72 
4.10 Two Months Production Resources and Time 75 
4.11  Three Months Production Resources and Time 76 
4.12  Contingency Plan Resources and Time 77 
5.1  Two Months Targeted Production Time 80 
5.2  Three Months Targeted Production Time 81 
5.3  Two Months Beam Production Line Resources 82 
5.4  Two Months Column Production Line Resources 83 
5.5  Three Months Beam Production Line Resources 83 
5.6  Three Two Months Column Production Line Resources 84 
5.7  Two Months Production Line Overall Resources 85 
  
5.8  Three Months Production Line Overall Resources 86 
5.9  Storage Area Required for Two Months Production Line 88 
5.10  Storage Area Required for Three Months Production Line 88 
5.11 One Month Targeted Production Time 90 
5.12 One Month Beam Production Line Resources 91 
5.13  One Month Column Production Line Resources 92 
5.14  One Month Production Line Overall Resources 93 
5.15 Storage Area Required for One Month Production Line 94  
  
   
 
   
  
  
  
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
LIST OF FIGURES 
 
 
 
 
FIGURE NO. TITLE  PAGE 
 
2.1 Industrial Hall 13 
2.2 Panel system solutions applied to a typical  14  
 residential building   
(a) room-size slabs on cross walls  
(b) modular slabs on cross walls 
(c) modular slabs on exterior walls 
(d) slabs on beams and columns  
2.3 Arrangement of box units into position onsite 15 
2.4  Main stages of concrete flow through a prefabrication  40 
 plant  
2.5  (a) Concrete centre, production area and storage area  43 
       in direct continuation 
                    (b) Common concrete centre curing chamber and storage  
                              area for two departments 
2.6  Production with all-purpose team method (two teams) 45 
2.7 Production with workstation method (three shifts) 46 
3.1  Production Stage 51 
3.2  Single Storey 100% IBS House Drawing 53 
3.3  Witness 2001 Software Start Up Window 56 
3.4  Research Flowchart 57 
4.1  IBS Precast Plant Layout 59 
  
4.2 (a) Part Element 67 
(b) Buffers Element 
(c)  Integer 
(d) Conveyor Element 
(e) Machine Element 
4.3 Part Detail Dialog Box 68 
4.4 Buffer Detail Dialog Box 69 
4.5 Conveyor Detail Dialog Box 70 
4.6  Machine / Workstation Detail Dialog Box 71 
4.7  Dialog Box of Integer 72 
  
  
   
 
 
 
 
 
 
 
  
 
 
 
LIST OF APPENDICES 
 
 
 
 
APPENDIX TITLE  PAGE 
 
A Production Line Modeling 101 
B Production Line Modeling (Run) 102 
C1         One Month Production Line Set Up  103 
C2 Two Months Production Line Set Up 104 
C3  Three Months Production Line Set Up      105 
 
 
  
 
 
 
CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
 Housing is a major concern for all people in every corner of the world as the well 
being of a country is reflected in its people enjoying a certain standard of living. With 
the increasing number of population in Malaysia, the government housing policy is 
geared toward meeting the objective of ensuring access to adequate and decent shelter to 
all citizens, particularly the low-income groups. In implementing this policy, the 
quantitative and qualitative aspects of housing development are taken into account. 
 
 
 Therefore, Industrialised Building System (IBS) is the best method and solution 
to fulfill the government policy. IBS which enables off-site prefabricated or precast 
building components manufactured at factories will enable cost saving and quality 
improvement through construction standardisation and reduction of labour intensity. On 
top of that, minimal wastage, less site material, a cleaner and neater environment as well 
as superior quality controlled will lead to lower total construction costs. Mass production 
and shorter construction time are the additional points in helping the government to 
  
achieve its housing policy. There are numerous of advantages of using IBS method in 
construction to the contractor as well as the end user if it is proper planned and effective 
management in its implementation. 
 
 
 IBS is not new in the Malaysian construction industry, particularly the usage of 
steel structures and precast concrete for the construction of bridges, drains and other 
infrastructure projects. The success of precast, steel and hybrid construction contributed 
to the rapid creation of numerous beautiful and quality structures particularly during 
the1995-1998 period. These include the construction of the Bukit Jalil Sports Complex 
and Games Village, the Petronas Twin Towers and the LRT lines and tunnels. 
Nevertheless, the usage of IBS in housing project is still very low if compared to the 
conventional method.   
 
 
 The heart of IBS construction starts with the production of the components by 
the precaster. In fact, it is a high risk investment for the precaster to venture in producing 
IBS components due to large capital IBS precast plant set up cost and the instability of 
construction demand. Hence, it is very challenging as the precasters compete among 
themselves for business opportunities, technology and quality in production and market 
reputation. They have to maintain a good reputation in the market by fulfilling the 
requirements and specifications set by the client in terms of cost, quality, time and 
consultation. Therefore, a highly structured planning and operation system is required to 
manage the production of IBS components in order to optimize the profit and 
productivity as well as to survive in the global market. 
 
 
 
 
 
 
  
1.2 Problem Statement 
 
 
 IBS components such as beam and column are produced in the precast plant with 
superior quality control and supervision. There are a few important aspects that the 
precaster needs to consider before venturing into this business. The precaster needs to 
properly plan the layout of the precast plant, equipments and machineries needed, hiring 
of skilled labours as well as general workers, having enough capital to run the operation 
and so on. A good planning on resources will enable the precaster to meet the supply of 
IBS elements to their client in time.   
 
 
Basically, there are two alternatives of work organization available for the 
production of IBS component which are all-purpose team method and workstation 
method. The precaster has to carefully consider on which work organization method to 
be applied in the production of IBS component as each of these work organizations has 
their own advantages and disadvantages. However, the appropriateness and efficiency of 
these two work organization methods is highly depends on the volume of production, 
number of workers engaged, facilities used and time.   
 
 
 
 
1.3 Aim  and Objectives of Study 
 
 
 The aim of this study is to propose the set up of IBS production line and the 
number of resources required in the production line set up. This study concentrates on 
the management of IBS components production in the precast plant by adopting 
workstation organizations method.  
 
  
 There are three specific objectives of this master project: 
 
 
(i) To propose the optimum production line set up to manufacture the 
amount of IBS beam and column required for the construction of a 
medium size single storey IBS housing project within two months and 
three months time and with limited number of reusable steel mould. 
 
(ii) To propose a contingency production line set up to produce the amount of 
IBS beam and column required for the construction of a medium size of 
single storey IBS housing project in one month time with increased 
number of reusable steel mould. 
 
(iii) To determine the number of resources such as labour, machinery, tool 
and storage area required in the proposed production line set up. 
 
 
 
 
1.4  Scope of Study 
 
 
The scope of work is mainly limited to the production of IBS components 
namely beams and columns required for the construction of single storey IBS housing 
project ranging from 100 to 300 units. The production process that highlighted in this 
study begins from the preparation of parts until the curing process. Limited number of 
reusable steel mould available during the production plant is the only constraint in the 
production plant. The number of mould used for the production is 125 units for beam 
and 75 units for column while the number of reusable steel mould increase to 300 units 
for beam and 100 units for column for contingency plan.  
 
  
The number of workers involved and the time used to produce the IBS 
components were observed at the pilot plant and the time required was clocked using 
stopwatch. The total amount of IBS components needed for this medium size single 
storey IBS housing project was extracted from a 100% IBS house. There are some 
assumptions made in this study such as the production will not be interrupted due to 
machine breakdown, lack of labours and insufficient supply of raw materials or parts. 
The effective working hour for the production plant is six hours per shift and the 
production plant is operated in a minimum of one shift and maximum of three shifts per 
day. 
 
 
 
 
1.5 Importance of Study 
 
 
The proposed production line suggested from this study can be applied in the 
planning of IBS pilot plant set up. The cost of the production line can be calculated from 
the proposal which includes the number of workstations or machineries as well as 
labours required. This study also testifies that Witness 2001 simulation software can be 
used in to model and simulate an optimum production line set up for IBS production.   
  
 
 
 
CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1 Introduction 
 
 
 Industrialised Building System (IBS) may be defined as building systems in 
which structural components are manufactured in a factory, on or off site, transported 
and assembled into a structure with minimal additional site works (Shaari, 2003).  
Another definition by Lew et al (2003), IBS is a system in which concrete components, 
prefabricated at site or in factory are assembled to form the structure with minimum in-
situ construction. Industrialised System means to build on-site with elements or 
components produced by series in plant (Yousre et al, 2002). There is another definition 
of IBS suggested by Trikha (1999), IBS may be defined in which all building 
components such as wall, floor slab, beam, column and staircase are mass produced 
either in factory or at site under strict quality control and minimal site activities. All the 
definitions of IBS mentioned about the prefabrication, off-site production and mass 
production of building components. According to Richard (2005), industrialisation has 
demonstrated a high capacity to reduce the costs, improve the quality and get complex 
products available to the vast majority of people.  
 
  
2.2 Precast Building System in Malaysia 
 
 
 Malaysia first experimented with the idea of precast was in early 1960’s. 
Government officers and subsequently the then Minister of Housing and Local 
Government visited several European countries to study and evaluate their precast 
construction. All of them were impressed by the potential benefits of precast concrete 
such as time and eventually cost saving, good quality control and potential transfer of 
management as well as technical skills. 
 
 
 In 1964, the government has identified two pilot projects to try out the precast 
construction. The first project was in Kuala Lumpur to construct a 7 blocks of 17 storey 
flats and 4 blocks of 4 storey shop lots. The second pilot project was located in Penang 
with the construction of 6 blocks of 17 storey flats and 3 blocks of 18 storey flats.  
 
 
 After the completion of these two pilot projects, an evaluation was done to 
compare the advantages and disadvantages between the IBS with the conventional 
systems. The comparisons were focused in terms of cost, speed of construction, labour 
requirement and quality control.  
 
 
 According to Harun (1984), the first pilot project which located in Kuala Lumpur 
was more expensive than the conventional system for about 8.1%. However, the other 
pilot project that located in Penang was cheaper for approximately 2.6% compared to the 
conventional system housing project completed around that time. In term of speed, both 
pilot projects took 27 months to complete inclusive of the time taken in setting up of the 
precast factories. The construction period was comparable to the fastest conventional 
construction. From the evaluation of implementing IBS in these two pilot projects, it has 
advantages in saving of time and materials involved in the erection of scaffoldings, 
  
shorter construction time and the construction process was not affected by weather 
condition as the is no on-site concreting. 
 
 
 Precast construction enabled the saving 30% to 40% of labour requirement to 
execute these two pilot projects compared to conventional practice. It has a great saving 
of labour especially in the field of brick layers, plasterers and carpenters. In terms of 
quality, the finished appearance of the buildings was of a much higher quality than that 
achieved in comparable conventionally built low cost housing units. In particular, the 
finish of interior walls was much superior to the finish achieved using cement-sand 
hollow blocks.  
 
 
 
 
2.2.1 Barriers to the Adoption of IBS in Malaysia 
 
 IBS is not new in the Malaysian construction industry, particularly the usage of 
steel structures and precast concrete for the construction of bridges, drains and other 
infrastructure projects. Nevertheless, the usage of IBS in the Malaysian building industry 
is still very low if compared to the conventional methods. The construction industry has 
been slow in adoption of IBS due to several reasons: 
 
 
• Wide swings in houses demand, high interest rate and cheap labour cost, 
make it difficult to justify large capital investment. Contractors prefer to use 
labour intensive conventional building system because it is far easier to lay 
off workers during slack period. 
 
• Fully prefabricated construction system requires high construction precision. 
Malaysian labour forces still lack of skilled workers. Many of foreign skilled 
  
workers had left the country after the widespread crackdown on illegal 
foreign workers in recent years. The new batches of foreign workers do not 
possess the required skill and have to be retrained. 
 
• The construction industry is so fragmented, diverse and involves many 
parties. Consensus is required in the use of IBS during planning stage. 
However, the owners, contractors and engineers still lack of scientific 
information about the economic benefits of IBS. 
 
• Lack of research and development in the area of novel building system that 
uses local materials. Majorities of IBS in Malaysia are imported from 
developed countries, thus driving up the construction cost. Engineering 
degrees in local universities seldom teach about the design and construction 
of IBS. 
 
• The economic benefits of IBS are not well documented in Malaysia. Past 
experiences indicated IBS is more expensive due to fierce competition from 
conventional building system. Furthermore, there is an abundance of cheap 
foreign workers in Malaysia.   
 
• The use of IBS in Japan and Sweden are so successful due to high quality and 
high productivity. But, in Malaysia, the scenario different, most projects 
constructed with IBS were low quality and high construction cost. 
 
• Lack of incentive and promotion from government in the use of IBS. Many 
architects and engineers still unaware of the basic element of IBS such as 
modular coordination (MC). 
 
 
 
 
  
2.2.2 Government and CIDB Initiative 
  
 
 The usage of IBS in building is still low in our country. From a survey conducted 
by Construction Industry Development Board (CIDB) Malaysia, the usage level of IBS 
in the local construction industry stands at only 15% (IBS Survey, 2003). The early 
efforts of the Government to encourage the use of IBS in the construction sector has yet 
to garner a good response and this sector is still practicing conventional construction 
methods that have proven time and again to be wasteful, dangerous and messy.  
 
 
 The industry needs one fundamental plan that involves all the important aspects 
in this evolution process. In this respect, the IBS Roadmap 2003-2010 is formulated as a 
reference for all parties in implementing all programs towards the modernization of the 
Malaysian construction sector. IBS Roadmap 2003-2010 is to ensure that its programs 
are implemented to meet the total industrialisation of Malaysia’s construction industry 
by the year 2010. 
 
 
 The Malaysian Government is also currently very active in promoting the usage 
of prefabricated materials, particularly IBS components. The Public Works Department 
(JKR), CIDB as well as the Ministry of Housing and Local Government are among the 
leaders in championing its usage in the construction industry. JKR has also produced a 
new set of drawings utilizing IBS components for its standard quarters. More hostels, 
schools, colleges and low cost houses are also now being designed and constructed using 
IBS elements. It is hoped that more clients, designers and contractors in the local 
construction industry heed to government’s call for the industrialisation of the 
construction sector and opt for precast or IBS construction as an alternative to the in-situ 
method. The commitment and cooperation between the government and private sector 
are crucial in ensuring the success of the program. In order to survive in the era of 
globalization, it is important for local players in construction industry change their 
